on behalf of the PHOENIX investigators abstract PURPOSE Ibrutinib has shown activity in non-germinal center B-cell diffuse large B-cell lymphoma (DLBCL). This double-blind phase III study evaluated ibrutinib and rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) in untreated non-germinal center B-cell DLBCL.
INTRODUCTION
Diffuse large B-cell lymphoma (DLBCL) is the most common type of lymphoma, accounting for up to 40% of lymphoma cases worldwide. 1 It is highly heterogeneous, with variable pathogenesis and cell of origin. 2 Although gene expression profiling (GEP) methods classify DLBCL into molecular subtypes (germinal center B cell-like [GCB] , activated B cell-like [ABC] , and unclassified), 2, 3 routine use of GEP is not common in the clinical setting. Immunohistochemical methods have been developed to classify DLBCL into the binary of GCB and non-GCB (which includes ABC and unclassified by GEP) subtypes, with the Hans algorithm most commonly used.
Patients were randomly assigned to the ibrutinib plus R-CHOP or placebo plus R-CHOP arm at a one-to-one ratio to receive R-CHOP (intravenous rituximab 375 mg/m 2 , cyclophosphamide 750 mg/m 2 , doxorubicin 50 mg/m 2 , vincristine 1.4 mg/m 2 [maximum total, 2 mg], and oral prednisone [or equivalent] 100 mg) with either ibrutinib (560 mg per day orally) or placebo in a 21-day cycle for six or eight cycles, per institutional guidelines. Study treatment was administered on day 1 of cycle one until day 21 of the last cycle. Infection and cytopenia prophylaxis was not mandated but permitted per local standards; granulocyte colony-stimulating factor was used at investigator discretion. Treatment dosing modification or discontinuation was managed per prespecified guidelines (Appendix).
Random assignment was based on a computer-generated preplanned schedule, balanced by permuted blocks and stratified by revised International Prognostic Index (1 to 2 v 3 to 5), region (United States or Western Europe v rest of world), and prespecified R-CHOP cycle numbers (six v eight).
The study was approved by the institutional review board or independent ethics committee at each participating institution and conducted in accordance with ethical principles defined by the Declaration of Helsinki and the International Conference on Harmonisation Guidelines for Good Clinical Practice. An independent data monitoring committee reviewed safety and risk/benefit. All patients provided informed consent.
Study End Points and Assessments
The primary end point was investigator-assessed eventfree survival (EFS), defined as time from random assignment to disease progression, relapse after complete response (CR), initiation of subsequent disease-specific therapy for positron emission tomography-positive or biopsy-proven residual disease after six or more cycles of R-CHOP, or any-cause death in the intent-to-treat (ITT) population (non-GCB by immunohistochemistry). According to a protocol amendment implemented approximately 4 years after study initiation, primary analysis was also performed in the ABC (by GEP) population. Secondary end points included progression-free survival (PFS), defined as time from random assignment to progression, relapse, or death, CR rate, and OS in the ITT population.
Response was assessed by investigators using computed tomography (CT) per Revised Response Criteria for Malignant Lymphoma. 17 Whole-body positron emission tomography was recommended (but not mandated) at baseline and was required at the end of treatment. Adverse events (AEs) were graded based on National Cancer Institute Common Terminology Criteria for Adverse Events (version 4.03). 18 
Statistical Analysis
Because DLBCL is potentially curable, the statistical plan factored in both cure rate improvement, assuming a cure rate of 40% for the control arm, and risk reduction among uncured patients. The study was designed to show ibrutinib plus R-CHOP as superior to placebo plus R-CHOP in EFS with 90% power to demonstrate an increase of 10% or more in cure rate and 25% risk reduction among uncured patients with a planned sample size of approximately 800 patients. Hypothesis testing for EFS was performed for both ITT and ABC populations using the Song and Chi 19 method, which included a two-stage procedure to control overall type I error (Appendix).
EFS, PFS, and OS were compared between arms using the stratified log-rank test and Cox proportional hazards model. Survival distribution was estimated using the Kaplan-Meier product-limit method. CR rates were compared using the Cochran-Mantel-Haenszel x 2 test (for relative risk) and logistic regression analysis (for odds ratio), adjusted for stratification factors.
Preplanned exploratory analyses in subgroups with various prognostic and predictive factors were conducted using a Cox proportional hazards model (Appendix). If an interaction demonstrated statistical significance (one-sided P , .10), additional post hoc analyses on EFS, PFS, and OS would be performed to examine the nature of treatment comparisons within each subgroup stratum. All P values for exploratory analyses are nominal.
RESULTS

Patient Characteristics and Treatment
Between October 2013 and November 2015, 838 patients with non-GCB DLBCL were randomly assigned and included in the ITT analysis (ibrutinib plus R-CHOP, n = 419; placebo plus R-CHOP, n = 419; Fig 1) . Baseline characteristics were similar between arms. Median age was 62.0 years. ABC subtype was confirmed in 567 (75.9%) of 747 evaluable patients and was balanced between two treatment arms (77.0% v 74.8%; Table 1 ). Median time from diagnosis to treatment was 27 days. Median follow-up was 34.8 months. More patients discontinued all treatment components in the ibrutinib plus R-CHOP than placebo plus R-CHOP arm (22.4% v 13.6%); AEs were the most common reason (12.2% v 5.3%; Appendix Table A1 , online only). †GEP was conducted after non-GCB enrichment by immunohistochemistry. Samples were evaluable in 370 patients for ibrutinib plus R-CHOP and 377 patients for placebo plus R-CHOP. Patients with missing samples (ibrutinib plus R-CHOP, n = 9; placebo plus R-CHOP, n = 4) or test failure (ibrutinib plus R-CHOP, n = 40; placebo plus R-CHOP, n = 38) were not included in the analysis.
Efficacy
Ibrutinib plus R-CHOP did not improve EFS versus placebo plus R-CHOP in the ITT (hazard ratio [HR], 0.934; 95% CI, 0.726 to 1.200; P = .5906) or ABC population (HR, 0.949; 95% CI, 0.704 to 1.279; P = .7311; Fig 2) . Furthermore, addition of ibrutinib did not increase PFS (HR, 0.917; 95% CI, 0.710 to 1.183; P = .5027), OS (HR, 0.991; 95% CI, 0.712 to 1.380; P = .9593; Fig 2; Appendix Table A2 , online only), or ORR (89.3% v 93.1%; P = .0515), including CR rates (67.3% v 68.0%; P = .8229) versus placebo plus R-CHOP in the ITT population (Appendix Table A3 , online only). EFS and PFS results were similar. CNS relapse occurred in 2.4% and 3.8% patients in the ibrutinib plus R-CHOP and placebo plus R-CHOP arms, respectively.
Subgroup Analysis by Age
In preplanned subgroup analyses, age and elevated lactate dehydrogenase were associated with favorable outcomes in EFS, but lactate dehydrogenase failed to demonstrate robustness across all end points (Appendix Fig A1, online  only) . Exploratory analysis showed an interaction between treatment effect (EFS, PFS, and OS) and age as a continuous (P = .0365) or categorical variable (age younger than 60 v 60, 62, or 65 years or older; P 5 .0087, .0054, and .0239, respectively; Appendix Table A4 , online only), with patients age younger than 65 years showing a more favorable outcome versus those age 65 years or older, which was confirmed by multivariable analysis. A post hoc analysis using different age cutoffs showed more precisely that ibrutinib plus R-CHOP was associated with benefit in patients age younger than 60 years but worsened outcomes in those age 60 years or older (Fig 3) .
Among patients age younger than 60 years, baseline characteristics were similar between arms (Appendix Table  A5 (Table 2 ; Fig 4) . EFS, PFS, and OS rates at 36 months were also higher in the ibrutinib plus R-CHOP than placebo plus R-CHOP arm. ORR was similar between arms (93.6% v 94.6%) in younger patients, with a slightly higher CR rate (71.2% v 69.9%) and increased rate of durable partial response longer than 6 months (57.1% v 34.8%; Appendix Table A3) in the ibrutinib plus R-CHOP arm. A similar trend with age was seen in patients age younger than 60 years with ABC DLBCL.
Subgroup analyses in patients age younger than 60 years showed that EFS benefit was consistent across most subgroups for baseline factors (Appendix Fig A2, online only). After disease progression, subsequent diseasespecific therapies were generally balanced between arms in the ITT population and by 60-year age cutoff (Appendix Table A6 , online only).
Among patients age 60 years or older, EFS (HR, 1.228; 95% CI, 0.887 to 1.699), PFS (HR, 1.200; 95 CI, 0.866 to 1.664), and OS (HR, 1.440; 95% CI, 0.963 to 2.152) were worse in the ibrutinib plus R-CHOP versus placebo plus R-CHOP arm (Table 2 ; Fig 4) . Similar outcomes were seen in patients age 60 years or older with ABC DLBCL.
Safety
In all patients, all-grade (100% v 99.0%) and grade 3 or higher treatment-emergent AEs (89.9% v 87.1%) were similar across arms (Appendix Table A7 , online only). However, more serious AEs (SAEs) were reported in the ibrutinib plus R-CHOP than in the placebo plus R-CHOP arm (53.1% v 34.0%), particularly febrile neutropenia, diarrhea, cytopenia, and pneumonia (Table 3) , as were AEs leading to treatment discontinuation (31.5% v 13.6%). Rates of R-CHOP discontinuation (any component) as a result of AEs were also higher in the ibrutinib plus R-CHOP arm (26.7% v 11.7%), most often because of lung infection (1.4% v 0.5%), pneumonia (1.0% v 0.7%), and peripheral neuropathy (4.1% v 1.4%). Rate of treatment discontinuation because of progressive disease was 1.7% versus 2.1% in the ibrutinib plus R-CHOP versus placebo plus R-CHOP arm. SAEs and AEs leading to treatment discontinuation increased with older age in both arms but were more pronounced in the ibrutinib plus R-CHOP versus placebo plus R-CHOP arm (Appendix Fig A3, online only) . Rates of all-cause deaths were similar (16.3% v 17.0%) between arms. In the ibrutinib plus R-CHOP and placebo plus R-CHOP arms, rates of AEs leading to death were 4.3% and 2.9%, respectively, including 1.2% and 0.7% rates of death resulting from infections, whereas rates of death resulting from disease progression were 7.5% and 11.0%, respectively.
In patients age younger than 60 years, the any-grade AE rate was 100% in both arms. Grade 3 or higher treatmentemergent AE rates (87.7% v 85.9%) were similar between arms, but more SAEs (35.7% v 28.6%; Table 3 ) and AEs leading to R-CHOP discontinuation (12.3% and 7.6%) were noted in the ibrutinib plus R-CHOP versus placebo plus R-CHOP arm. Among patients age 60 years or older, all-grade (100.0% v 98.3%) and grade 3 or higher AEs (91.2% v 88.0%) were also similar between arms. There were more SAEs in the ibrutinib plus R-CHOP than placebo plus R-CHOP arm (63.4% v 38.2%); febrile neutropenia, neutropenia, pneumonia, diarrhea, and lung infection were most common (Table 3) . Notably, in the ibrutinib plus R-CHOP arm (v the placebo plus R-CHOP arm), AEs leading to R-CHOP discontinuation were increased to a greater extent among patients age 60 years or older (35.1% v 15.0%) relative to patients age younger than 60 years. In older patients, although serious atrial fibrillation occurred only in the ibrutinib plus R-CHOP arm, the rate (3.1%) was consistent with prior reports of atrial fibrillation with ibrutinib (4.2%).
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Aspergillus infection was reported only in patients age 60 years or older. Bronchopulmonary aspergillosis occurred in four (1.0%) and two patients (0.5%) in the ibrutinib plus R-CHOP and placebo plus R-CHOP arms, respectively; cerebral aspergillosis occurred in two patients (0.4%) in the ibrutinib plus R-CHOP arm.
Prophylactic granulocyte colony-stimulating factor use was balanced between arms in patients younger than 60 years and those age 60 years or older, whereas secondary antibiotic prophylaxis (administered 5 days or more after first dose of study drug) was higher in the ibrutinib plus R-CHOP arm (Appendix Table A8 , online only).
Treatment Exposure
In all patients, the proportion of patients receiving at least six cycles of R-CHOP (any component) was lower in the ibrutinib plus R-CHOP than placebo plus R-CHOP arm (80.8% v 90.7%). The decreased R-CHOP exposure was primarily seen in older patients in the ibrutinib plus R-CHOP arm. In patients age 60 years or older, the proportion of patients receiving six cycles or more of R-CHOP was lower in the ibrutinib plus R-CHOP arm than the placebo plus R-CHOP arm (73.7% v 88.8%; Appendix Table A9 , online Abbreviations: ABC, activated B cell-like; EFS, event-free survival; HR, hazard ratio; ITT, intent to treat; OS, overall survival; PFS, progression-free survival; R-CHOP, rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone. only) but was similar between arms in patients younger than 60 years (92.9% v 93.0%).
DISCUSSION
In the non-GCB population and ABC subpopulation, addition of ibrutinib to R-CHOP did not improve efficacy in patients with untreated DLBCL. However, preplanned subgroup analysis discovered a significant interaction between treatment and age. Exploratory analysis showed that in patients age younger than 60 years, ibrutinib plus R-CHOP was associated with prolonged EFS, PFS, and OS. The risk profile for ibrutinib plus R-CHOP was age dependent. Although SAE rates were higher in the ibrutinib plus R-CHOP arm versus the placebo plus R-CHOP arm in both younger and older patients, R-CHOP exposure was not affected in patients younger than age 60. In contrast, in patients age 60 years or older, addition of ibrutinib increased rates of SAEs and AEs leading to R-CHOP discontinuation, which compromised treatment exposure and likely decreased efficacy. The observed differential efficacy according to age was likely a result of poor ibrutinib plus R-CHOP tolerance in older patients.
Median follow-up was nearly 3 years (34.8 months), which is appropriate to evaluate outcomes, given the strong correlation between 24-month EFS and long-term survival. 21 Outcomes with placebo plus R-CHOP were similar in the ITT population and various subgroups and were generally comparable to those reported in other randomized controlled trials of R-CHOP in non-GCB or ABC DLBCL (3-year PFS rate, 67% to 70%), 10, 11 although different study design, patient population, and end point analyses among trials may affect results. Although increased age is considered a negative prognostic factor in DLBCL, older fit patients who can tolerate full-dose R-CHOP may achieve outcomes similar to those seen in younger patients. According to the Kaplan-Meier survival curves (Fig 4) , older and younger patients in the placebo plus R-CHOP arm demonstrated comparable survival benefit. 22 In patients younger than age 60, ibrutinib plus R-CHOP versus placebo plus R-CHOP improved EFS and OS despite similar ORR, confirming that CR alone was not a predictor of long-term outcome in DLBCL.
On the basis of the hypothesis that adding ibrutinib to R-CHOP would improve the outcome of ABC DLBCL, 14 immunohistochemistry was used to select non-GCB DLBCL in the ITT population to enrich for the ABC subtype. GEP showed that 75.9% of patients had ABC DLBCL, confirming enrichment for ABC over the general DLBCL population. 16 Although this demonstrates the limitations of cell-of-origin subtyping by immunohistochemistry, it is consistent with published concordance of approximately 80% between immunohistochemistryand GEP-based methods. 16 Interestingly, in younger patients, ibrutinib plus R-CHOP showed similar benefit in the non-GCB population and ABC subgroup, suggesting ibrutinib plus R-CHOP may also benefit patients beyond ABC DLBCL. This is consistent with recent findings that BTK-dependent B-cell receptor signaling is present in a subset of non-ABC DLBCL, 15 and unclassified DLBCL could respond to ibrutinib. 14, 23 In patients age 60 years or older, rates of SAEs, including febrile neutropenia, pneumonia, diarrhea, and lung infection, were notably higher in the ibrutinib plus R-CHOP than the placebo plus R-CHOP arm. Older patients in the ibrutinib plus R-CHOP arm were also more likely to discontinue R-CHOP because of peripheral neuropathy, infections, and GI AEs, whereas cardiac events, including atrial fibrillation, did not seem to increase treatment discontinuation.
Treatment discontinuation was not explained by altered ibrutinib pharmacokinetics with R-CHOP in this study. In a phase I study, pharmacokinetic analysis did not reveal an interaction between ibrutinib and vincristine. 15 In this study, vincristine pharmacokinetics were not altered, and ibrutinib pharmacokinetics were similar to those of single-agent ibrutinib reported in other studies (Appendix Table A10 , online only; Appendix Fig A4, online only ; Appendix "Pharmacokinetic Analysis," online only). 15, 24 The interaction between age and treatment was an unexpected finding in this study, which confounded result interpretation. Randomized studies, although considered the gold standard for assessing treatment benefit, must rely on generally equivalent toxicity across major characteristics such as age. However, in our study, ibrutinib plus R-CHOP increased toxicity in patients age 60 years or older, leading to premature R-CHOP discontinuation and inferior outcomes. Therefore, it is important to separate the potential benefit of Abbreviations: R-CHOP, rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone; SAE, serious adverse event. *On the basis of MedDRA (version 20.0), lung infection/pneumonia were coded under system organ class term "infections and infestations"; pneumonitis and interstitial lung disease were coded under "respiratory, thoracic, and mediastinal disorders." ibrutinib, which is indicated in younger patients, from its adverse effect when combined with R-CHOP in older patients; this may be attributable to multiple factors, including impaired immune responses leading to increased infections. 25 Additionally, DLBCL subtype analysis, determined by immunohistochemistry at central laboratories, prolonged the time from tumor biopsy to random assignment. Median time from diagnosis to treatment of 27 days was longer than that seen in clinical practice, particularly for the ABC DLBCL subgroup, which may have excluded patients necessitating immediate treatment. Therefore, the outcome in the overall population was better than anticipated, suggesting an enrollment bias toward more physically fit patients and patients with better prognosis, a common observation in clinical studies. 26 Despite the optimal outcome in the entire non-GCB DLBCL population, an improvement in younger patients was observed for ibrutinib plus R-CHOP. Ibrutinib plus R-CHOP was associated with treatment benefit in most subgroups, except for patients from the United States and Western Europe, but the event number was too small to draw any conclusions. Although unlikely, the impact of genotype variation across regions or age groups cannot be excluded and warrants further investigation.
For the past 20 years, R-CHOP has remained the standard treatment for previously untreated DLBCL. 5 Insights into DLBCL pathobiology have led to trials evaluating targeted agents combined with R-CHOP within DLBCL subtypes, several of which have been recently completed or are ongoing, but none of which has reported a definitive benefit in the ABC subgroup. 8, 11, 27 In our trial, ibrutinib plus R-CHOP seemed to improve EFS and OS in younger patients with non-GCB DLBCL to an extent not previously noted, with a trend toward improvement in the more specific ABC DLBCL population. This aligns with the hypothesis that BTK-dependent nuclear factor kB signaling inhibition by ibrutinib may augment the cytotoxic effects of chemotherapeutic agents. 14, 28 Unfortunately, older patients could not tolerate ibrutinib plus R-CHOP. Real-world data show that older patients with DLBCL are more likely to receive compromised R-CHOP regimens or alternative chemotherapies, 29 and in our study, the addition of ibrutinib seemed to worsen treatment tolerance. These results, although obtained from post hoc analyses, indicate the influence of age on treatment tolerability and outcome with ibrutinib plus R-CHOP. These results are hypothesis generating and therefore represent an area for further investigation.
APPENDIX
Participating Sites
The study was conducted at 181 sites in 28 countries or regions: People's Republic of China, the United States, Japan, Russia, Turkey, Italy, Poland, the United Kingdom, Czech Republic, Korea, Israel, Canada, Australia, Ukraine, Republic of China, Belgium, Finland, Germany, Brazil, Spain, Denmark, France, Hungary, Norway, the Netherlands, Mexico, Argentina, and Sweden.
Dosing Guidelines
The start of a new treatment cycle may be delayed on a weekly basis until recovery from toxicity. If toxicity persists after a 2-week cycle delay related to a specific drug, the offending drug withholding should continue while the remaining drugs should be resumed. If rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) chemotherapy is delayed, study drug (ibrutinib or placebo) treatment should be continued as initially planned during the delay phase. If the study drug is delayed or withheld, any remaining study treatment (ie, rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone [or equivalent]) may be continued. If the delay in the initiation of a new treatment cycle is longer than 3 weeks because of insufficient recovery from toxicity (with all drugs withheld), the patient should discontinue study participation.
R-CHOP component dose adjustments and discontinuation were based on the prescribing information. Study drug was held for any unmanageable, potentially study drug-related grade 3 or higher toxicity for up to 21 consecutive days. Study drug was discontinued permanently if toxicity lasted more than 21 days. No dose escalation (more than four capsules per day [ie, more than 560 mg]) was allowed for the study drug in this study.
Statistical Analysis
The study population was differentiated as two subgroups (curable v noncurable) to factor patient curability into the estimation of study power. Sample size was determined using simulation studies, with the study cutoff being planned at 30 months after 800 patients were randomly assigned.
Simulation studies were conducted in the overall population based on the following assumptions:
• A one-to-one random assignment ratio between two treatment arms.
• Enrollment of approximately 800 patients (approximately 400 patients per treatment arm)
• Assuming the cure rate for the control arm (placebo plus R-CHOP) was 40% and the targeted cure rate of improvement was 10% for the active treatment arm ibrutinib plus R-CHOP (ie, the cure rate for ibrutinib plus R-CHOP was 50%), median event-free survival (EFS) was assumed to be 15 years for cured patients.
• Among those patients not cured, a targeted hazard ratio of 0.75 was assumed. This corresponds to a 4-month increase in median EFS for the active treatment arm (ibrutinib plus R-CHOP) relative to the control arm (placebo plus R-CHOP), assuming median EFS for the control arm (placebo plus R-CHOP) was 12 months.
• Dropout rate was 5%.
• One interim analysis was to be performed when approximately 270 EFS events were available for superiority testing at a significance level of .002 (one sided).
This statistical method can capture statistically significant between-group differences resulting from a wide range of clinical outcomes.
The Song and Chi 19 method was performed as a two-stage testing procedure. At stage one, if the P value associated with the weighted statistic Z1 was less than .04, then we proceeded to stage two for testing both the intent-to-treat (ITT) population (based on log-rank test instead of weighted testing statistic Z1) and the target subgroup (activated B cell-like [ABC] population by gene expression profiling) at the a level of .05 separately. If the P values for the weighted statistic Z1 at stage one were $ .04 and , .2, then the ABC population would be tested at the corresponding significance level for the ABC population. The significance level for the ABC population was calculated to control the family-wise error rate of .05 by incorporating the correlation between Z1 and Z2 (standardized test statistic for the ABC population by gene expression profiling). If significance was shown in the target subgroup (ABC population), then the ITT population could be retested at the significance level of .05 using a standard log-rank test.
In the preplanned exploratory subgroup analyses, assessed prognostic and predictive factors included demographic factors (age, sex, race, region, and intended number of treatment cycles), disease characteristics (revised International Prognostic Index score, lactate dehydrogenase level, normal left ventricular ejection fraction, bone marrow involvement, number of measurable lesions at baseline, bulky disease, number of assessable lesions at baseline, number of extranodal sites, hepatic impairment, and renal impairment), and laboratory values (creatinine clearance, albumin, platelet, hemoglobin, and absolute neutrophil count).
Pharmacokinetic Analysis
Pharmacokinetic samples from the ITT population were available from 726 patients: 358 in the ibrutinib plus R-CHOP arm and 368 in the placebo plus R-CHOP arm (87%). Appendix Figure A4 shows observed ibrutinib concentrations measured in our study superimposed on those from earlier studies (CLL3001 [ClinicalTrials. There was substantial overlap between the observed ibrutinib plasma concentrations and the predicted values based on the previous pharmacokinetic model, indicating that the pharmacokinetics of ibrutinib in our study were consistent with those seen in previous assessments. Average area under the plasma concentration-time curve from time 0 to 24 hours at steady state was 620 ng 3 h/mL (standard deviation, 356 ng 3 h/mL), consistent with the weighted average of 654 ng 3 h/mL (standard deviation, 477 ng 3 h/mL) calculated for three studies (PCYC 1104, MCL2001, and MCL3001) in patients with mantle cell lymphoma who also received a 560-mg daily dose as monotherapy (Appendix Table A10 ). Average area under the concentration-time curve was 25.6% higher in patients age 60 years or older, also consistent with the observations in patients with mantle cell lymphoma. Post hoc analyses of vincristine exposure indicated a similar exposure between the treatment arms, confirming the earlier phase I (DBL1002) finding that an interaction between vincristine and ibrutinib was absent.
Hazard Ratio and 95% Cl (Log Scale) Hazard Ratio and 95% Cl (Log Scale) ABC, activated B cell-like; ECOG, Eastern Cooperative Oncology Group; GCB, germinal center B cell-like; GEP, gene expression profiling; LDH, lactate dehydrogenase; R-CHOP, rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone; R-IPI, Revised International Prognostic Index. (*) No patient had an R-IPI score of 5 because all patients were age younger than 60 years. ( †) More than one extranodal lesion showed a hazard ratio of .1, but the CI was wide because of small event size.
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